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Abstract--The Rayleigh flow problem for one component charged rarefied gas is investigated in the 
framework of kinetic theory of gases. The moments method with two sided distribution function is used 
to solve the adopted BGK kinetic model. Approximate analytic solutions are obtained using Laplace's 
transform and the small parameter method. The dynamical and electromagnetic behaviour of the gas is 
examined. 
1. INTRODUCTION 
The behaviour of an ordinary (or rarefied) gas in the vicinity of an infinite flat plate suddenly 
moved in its plane (Rayleigh flow problems) is of great interest in aerodynamics. It is important 
to determine the role governing the motion due to collision of the molecules with solid surfaces 
and the binary collisions between the molecules themselves. Due to the rarefaction of the gas the 
discontinuities in the macroscopic parameters at the surfaces are expected. 
This problem has attracted many authors in the last few years such as Broadwell (1964) and 
Gatignol (1977) who studied one component gas using discrete velocity models and obtained results 
in qualitative agreement with those obtained by using the linearized BGK model of the Boltzmann 
equation (Cercignani, 1975; Khidr and EI-Sharif, 1973; Khidr et al., 1978). Longo and Monaco 
(1985) have obtained an analytic solution for gas mixture. Khater et al. (1987; Khater and 
E1-Sharif, 1988) have considered the one and two component gas taking into account he induced 
electromagnetic f elds. 
The object of this paper is to solve the initial boundary problem of the Rayleigh flow and 
determine the macroscopic parameters such as velocity, shear stress of the plate, the induced electric 
and magnetic fields. Moreover, the distribution function is assumed to satisfy the Boltzmann 
equation. We further assume that the molecules are reflected from the surface with complete nergy 
accommodation. This means the reflected particles from the surface have a Maxwellian distribution 
function with mean velocity equal to the velocity of the wall. The collision term is simplified by 
using the BGK kinetic model suggested by Bhatnagar et al. (1954). 
The paper is organized as follows: in Section 2 we present he basic equations followed by the 
solutions of the governed equations in Section 3. The discussion of results appears in Section 4. 
2. BAS IC  EQUATIONS 
Let y i>I 0 be a half-space filled with one component charged rarefied gas bounded by an infinite 
flat plate y = 0. The gas is initially in absolute quilibrium and the wall is at rest, then the plate 
starts to move suddenly in its own plane with a velocity (Ue -~') along x-axis (U and • are constants) 
and time t). Moreover the plate is considered impermeable, uncharged and insulator. 
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Let the force #',  acting on each particle, be given by 
#" = qE + (c^B), 
where q is the charge of the particle, E is the induced electric field, B is the induced magnetic 
induction, and c the velocity of the particle. 
Then, by taking 
v - (v, o, o), J = (qnv, o, o), E - (E, 0, 0), n _ (0, 0, a ) ,  
where the quantities v, E, B, J are all functions of a single space variable y and time, and 
stands as usual for velocity, induced (electric, magnetic) field and current density respectively. 
The distribution functionf(y, e, t) of the particles for the considered rarefied gas may be obtained 
from the kinetic equation: 
OF OF qB f OF OF'\ qF OF 1 
T i  + c~ ~ + ¥ . c , - -  - Cx - - .  + - - (Fo - r ) ,  \ OCx Oct/ m~- ,  
where • is the relaxation time. 
Writing the solution of equation (1) in the form: 
-3/2 CxVl --C2 
for cy<0, 
for cy>0, 
O) 
(2) 
where v~ and v2 are known functions of time t and the single space variable y. Multiplying 
equation (1) by ~bi(e) and integrating over all values of e we get: 
Ot + -~y d mco 
qB ( . adp, . f ~CcoJC, r~Cxae+qE fFdq~'de = 1 m J oc  -~ (Fo- F)¢,de, (3) 
where the integrals over the velocity space are evaluated from the relation 
f° (4) 
Moreover, E and B may be obtained from Maxwell's equations (neglecting the displacement 
current): 
OE OB 
= 0, (5) 
0y 0t 
OB 
~m + 4nqnv = 0, (6) yc 
where 
= fF de, n 
with the initial and boundary conditions 
nv = f cxF de, (7) 
E(y, O) - B(y, O) = 0 for y > 0 "[ 
E(y, t) and B(y, t) are finite as y~oo.  (8) 
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We introduce the dimensionless variables defined by: 
t = t 'z ,  y = y ' z  4 : :~n,  v = v 'U ,  
i - - ,  ~ _ _  J "Cxy = q~ :cy U , E = E ' mU B B' mco U 2n 
qz qz RT'  (9) 
noting that T stands for the relaxation time while zxy for the shear stress. 
For M 2 ~ 1 (low Math number), we can assume that the density and the temperature variations 
at each point of the flow and at any time are negligible, i.e. n = 1 + O(M 2) and T = 1 + O(M 2) 
where 
U 
M ~ - -  
and y is the ratio of specific heats. Let 
v = ½(vt + v2), Zxy = p~U R~/~/2n =v2 - vl, 
using the dimensionless variables and neglecting terms of order 0 (M2), then equation (3) for ~b 1 = cx 
and ~b 2= cxcy becomes: 
dv" &~,y E'  = 0, (10) 
Ot" + dy  - - -7  -- 
&'y dr' , 
0t' I" 2/t ~-Ty '-b Txy = 0' ( l l)  
with the initial and boundary conditions 
where 
v '(y', 0) = x'(y', 0) = 0 ] 
. . . .  exp( - ~t tt') v v, (0 , / )+Zxy(0 , / )=2 
and z~y are finite as y--,oo, 
(12) 
For the sake of simplicity, we drop the dash over the dimensionless variables, in equations (5)-(8) 
and (10)-(12). Thus we have the following initial boundary problem: 
dl) dT ry 
+~ -- E= 0, (13) 
OTxy dV 
dt +~yy=0, (14) 
dE aB 
=0,  (15) 
0y 0t 
where 
OB 
dy +~0v O, (16) 
2nRT 
Gt 0 = - -  (q2T2). 
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With the initial and boundary conditions 
v(y,  O) = Zxy(y, O) = E(y ,  O) = B(y ,  O) = 0 
2v(0, t) + rxy(O, t) = 2 exp(--~q t), E(0, t) = B(0, t) = 0 
v, r~y, B and E are finite as y - ,  ~;  
where 
(17) 
F~ 
3. SOLUTION OF THE INIT IAL BOUNDARY PROBLEM 
Since, the parameter ~0 is small, we may expand v, Zxy, E and B in terms of ~0. The solution 
of the coupled system (13)-(16) with condition (17) can be written as 
v = v (°) + 0(o v(1) + ~(~v (2), 
,~.(0) .jr. N ,,,,.(1) ...{_ ,.,,,2.(2) 
Txy = ~xy ~O~xy ~O~xy,  
E = E (°) + ~o E(o + ~(~E (2), 
B = B (°) + ~o Bo) + ~o2B (2). (18) 
On using the Laplace transforms, we obtain the solution after some algebra, up to first order in 
s o in the form: 
(19) E(°)(y, t) = B(°)(y, t) = O, 
v(°)(y, t) = 2 ~ 2G exp(At) + =jH exp( - ~(l t) + exp( - cq t) 
+ (2y /2(  y__~'~(2  + 1 ~K exp(2t ) 
\ r t /  \2x/2rt,// . \Z +ct,/  
=0,  if t <y /x /~,  
~]- -  1 
i f  t > 
(20) 
m m 
0 0 ~ (~ I~ ~" ~ cD ~(~ 
o o o o o o o o d <~ o 
t 
o ~ ~ ~ ~ ~ ~ ~ ~ ~ 
d d d d d o d d d o 
- -303  -0 .127  
- -909  --0.381 
- 1.51 !5 --0.635 
- 2.1 21 - -0.689 
-2 .727  --1.143 
-3 .333  --3.970 
-3 .939  --1.651 
-4 .  545 Bz -1 .905  
-3 .15t  -2 .159  
-5 ,454  -2 .413  
-6 .363  -2 .667  
-6 ,969  -2 .921  
-7 .573  - -3,175 
-8 .181  -3 .429  
- -8 .787  3.683 
Fig. 1. The variation of the electric E~ with time. Fig. 2. The variation of the magnetic field B~ with time t. 
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t 
m r,- =~ m O~ b, ¢~ to ~ 8. 792 
O O ~ ¢q to ~ g3 tO b- (~ 0~ 
6 6 6 6 o 6 6 6 6 6 6 8.184 
-0 .583  ~ 7.536 
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Fig. 3. The variation of the shear stress Zxy with time t. 
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Fig, 4. The variation of the mean velocity v~ with time t. 
=0,  if t <y/x/~, (21) 
where  2 = 2/(n - 2) 
f0' ' ' 
G = exp[ - (2  + ~)O]Io(~x/O z -y2/2n)dO, 
H = exp[ - (½ - e, )01Io (½ x /02 - Y2/2rc) dO, 
f, oxpt-(  2'-)ol K--jo i,(½,/O2_y2/2 )do, 
~' exp[ -  (½ - e, )0l  I~ (~ . /02  N=j0  ~-~-/- ~2~ - -y2 /2n)dO (22) 
and I, is the modi f ied  Bessel funct ion;  v = 0, 1. 
-- 0, if t < y/x/-~, (23) 
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E(')(y,t)=(21t)l/2(rc2)~(2")'/2(. 1 ")( Y----~[N exp(-otlt)_ K exp(2t) ] 
(\rtJ \A + ~l/\z x/2n/ 
--I(2 exp(-t) ]R , -F  2exp(2t) ~t, exp(-~t,t) 
=0, if t <y/x /~,  
rr2 1 y y 
v(l)(y, t)= -(- -~-)yI(2---~l)(~----~{-~ [N exp(-oq t) -K exp(2/)]} 
+(2)'/2[Hexp(-~,t)-Gexp(2t)])l if t > y/x//-~, 
=0, if t <y/x /~,  
[n \  t/2 f exp( -  t) 
z!~(y, t)= --~-~) (rc2)y~( 2 + 1)(~t,- 1)Rl + 
1 Y [K exp(2t) - N exp(- 0q t)]} -t ). + aq 2n 
=0, if t < y/x//-~, 
where 
2 exp(2t) .., ~l exp(-0q t) 
(2 + 1)(2 +~t)o --(~-- 1 -~ ~q) 
if t > y/x//-~, 
R, = f~ exp(O/2)Io(~ ~2-~)  dO. 
if t > y /~/~, 
(24) 
(25) 
H 
(26) 
(27) 
I I I I I I I I I I 
t 
Fig. 5. The variation of the slip velocity v, with time t, with the same scale of v~. 
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4. D ISCUSSION 
The set of equations (19)-(27) describes the space time evolution of the Rayleigh flow problems 
for a one component charged rarefied gas. The variations of each of the dynamic and electro- 
magnetic gas parameters in the vicinity of the plate (y = 0) is of great interest. However, we have 
plotted E(0, t) and B(0, t) against ime in Figs 1 and 2, respectively. We observe that, for either 
electrons or ions, the magnitude of each of E(0, t) and B(0, t), is an increasing function with time. 
The direction of E(0, t) agrees with the results obtained by Khater et al. (1988) for two component 
rarefied charged gas if the plate is suddenly moved with constant velocity, while the direction of 
B(0, t) agrees only in the domain t ~ [0, 0.4]. 
The variations of the shear stress, the mean velocity and the slip velocity vs = 1 - v(0, t) are 
plotted in Figs 3-5, respectively which agree with other theoretical models (e.g. Broadwell, 1964; 
Longo and Monaco, 1985 and Khater et al., 1988). Moreover these results are in qualitative 
agreement with the available experimental data (e.g. Abauf et al., 1966; Gatignol, 1976 and 
Hanson, 1973). 
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